Longitudinal case studies of the successive phonological acquisition of two Cantonese-English bilingual children, aged 2;3 to 3;1 years and 2;9 to 3;5 years, are presented. The children were assessed at 4-week intervals. The first assessment of their phonology occurred when they had been exposed to English for three months. Phoneme acquisition and phonological process data revealed that both children had separate phonological systems for the two languages. The two phonological systems for each child developed in similar ways to monolingual children acquiring Cantonese and English. However, a number of error patterns, indicative of disorder in monolingual children, were evident in the children's phonological systems in English and in Cantonese. These patterns have been documented as normal error patterns for successive bilingual Cantonese-English speaking children. The difference between normal successive bilingual phonological development and normal monolingual development is addressed.
Bilingual language acquisition research has largely concentrated on the question of bilingual children's use of one or two grammatical systems. Phonological acquisition has received very little attention by researchers of bilingual language acquisition in comparison to studies of pragmatics, syntax, and the lexicon. Until recently, most of the evidence concerning phonological acquisition has been anecdotal references to phonological features observed in longitudinal case studies of individual children acquiring the languages simultaneously.
The concept of phonological interference, phonological mixing, or what is sometimes referred to as a form of accent is consistently reported in the bilingual literature (e.g., Burling, 1971; Fantini, 1985; Leopold, 1949) . These terms all suggest that the phonological errors being made are not typical of monolingual children. However, there is no research evidence concerning the phonological acquisition of children exposed to two languages in the preschool years.
De Houwer (1995) proposed that simultaneous acquisition occurs when an infant is exposed to two languages from birth or within the first month of life. Consequently, a significant number of children acquire two languages successively. There are also clinical and theoretical reasons for investigating the nature of successive bilingual children's acquisition. For example, Karniol (1990) argued that sequential language acquisition would result in differences in the development of the two languages. These differences need to be identified to allow the accurate identification of children with speech and language difficulties.
Two theoretical issues are particularly important. First, do successive bilingual children keep the two languages' phonological systems separate or do they use a single system to support both languages? Second, do successive bilingual children acquire phonology in the same way (i.e., following the same developmental stages) as monolingual children for each of their languages?
One system or two?
Monolingual children simplify the phonological system they are trying to acquire. Bilingual children also do this, but they have to do it "in each language and cross-linguistically" (Watson, 1991, p. 34) . Watson suggested two methods by which successive bilingual children differentiate their two phonological systems. The first is a process of superimposing the unknown system onto the known system. The second is an initial "averaged" system, combining characteristics of the two phonologies, that slowly differentiates into two separate systems. Schnitzer and Krasinski (1994, 1996) presented two contrasting case studies of simultaneous Spanish-English bilingual children. One of the children clearly differentiated his two phonological systems, whereas his sibling appeared to use a single system initially that then separated. Ingram (1982) described the phonological acquisition of a bilingual ItalianEnglish child. The data showed clear evidence of two phonological systems (e.g., she substituted [l] for /r/ in Italian and [w] for /r/ in English). In Watson's (1991) review of the evidence concerning phonological acquisition by bilingual children, he concluded that "bilinguals may have two systems, but which differ in some way from those of monolinguals" (p. 44). Watson considered the main differences to be evident in the phonetic detail rather than in phonological patterns. Fantini's (1985) description of a child's acquisition of Spanish-English also highlighted phonetic differences in the acquisition process. However, some preliminary group data on the phonological skills of successive bilingual Cantonese-English speaking children suggest that there may be differences in the phonological processes used by normally developing bilingual children. Dodd, So, and Li (1996) and Holm (1999) found that large groups of Cantonese-English successive bilingual children showed a pattern of phonological development in both of their languages that was different from that of monolingual children. The children's error patterns were unique to each language, supporting Watson's (1991) claim that successive bilingual children use two separate phonological systems. However, there were differences in the types of error patterns that were common across the group. The successive bilingual children used a number of phonological processes that are associated with phonological disorder in monolingual children (e.g., initial consonant deletion and backing in English). The data suggest that successive exposure to a bilingual Cantonese-English environment results in the development of speech error patterns that would be considered unusual for a monolingual child.
Bilingual versus monolingual phonological processes
Another group study of simultaneous bilingual phonological acquisition was conducted by Navarro, Pearson, Cobo-Lewis, and Oller (1995) , who analyzed the phonology of 11 bilingual Spanish-English children. They concluded that bilingual and monolingual children "might be following different paths to reach the same goal" (p. 4). However, in contrast to the Cantonese-English studies, they did not find the bilingual children to be using unusual error processes. In fact, they concluded that the simultaneous bilingual children in their study were less likely to use uncommon error processes.
The differences between these two studies highlight the need for further group studies across various combinations of languages so that the effects of factors (e.g., simultaneous vs. successive acquisition; combinations of phonologies on the types of interference or interaction) can be examined. However, the research so far indicates two points. First, successive bilingual children do develop two separate phonological systems, and second, the stages of normal successive bilingual development appear to be different from those of normal monolingual development. Watson (1991) summarized the phonological development of bilingual children as follows: each phonological system is not necessarily acquired in a way analogous to monolingual acquisition (though it may be that procedure is possible). Commonly, one system, or at least aspects of it, will dominate the other, so that the child fails to make some oppositions in one language, or at least produces some sounds in a foreign way, due to interference. (p. 37)
Monolingual Cantonese and English phonological development
The monolingual phonological development of both Cantonese and English has been well documented. Contrasts between monolingual and bilingual development for each language are therefore possible. Table 1 outlines the differences in the phonological systems of Cantonese and English. Despite the very different phonological structures in the two languages, monolingual developmental error patterns are very similar (for English, see Grunwell, 1982;  for Cantonese, see So & Dodd, 1995) . Where phonemes occur in both languages, the sequence of Cantonese phoneme acquisition is similar to that of English, although the rate of acquisition is more rapid. While syllable-final consonants are rarely in error in Cantonese, both English-and Cantonese-speaking children's errors are characterized by assimilation, cluster reduction, and simplification of the system of phoneme contrasts (e.g., fronting and stopping). Phonologically disordered monolingual children's error patterns are similar, irrespective of language (So & Dodd, 1994) .
Simultaneous versus successive acquisition
A confounding issue in bilingual acquisition research is age of first exposure to the two languages. For example, a child's phonological system is definitely well-established by age 2. Therefore, the language learning process should differ for children not exposed to another language until 2 years of age from that of 
Mostly monosyllabic Tones None 6 + 3 allotones Stress Complex Simple children exposed to two languages from birth. They already have a system in place, as opposed to developing one or two systems simultaneously. However, the resultant differences between simultaneous and successive acquisition on bilingual children's language have not been identified (de Houwer, 1995) .
Aims
The primary objective of the current study was to describe the successive phonological development of two Cantonese-English bilingual children during their first year of exposure to English. Group studies of Cantonese-English successive bilingual children have shown that error processes atypical for monolingual children in either language were more prevalent in the speech of successive bilingual children. Therefore, a longitudinal study was undertaken to establish when and how these atypical error patterns were used and to monitor changes in the phonological systems. Monolingual developmental data allowed comparison of each language to monolinguals as well as comparisons across each child's two languages.
METHOD

Subjects
The phonological development of two children, Catherine and Max, are presented here. Holm & Dodd: Cantonese-English phonological development Catherine. Catherine was aged 2;3 years when she was first assessed. She lives in Australia and is the daughter of immigrants from Hong Kong who moved to Australia when Catherine was 6 months old. Catherine's parents are both native speakers of Cantonese and are fluent speakers of English as a second language. Her father is a university lecturer, and her mother is a housewife. Catherine has two older brothers, aged 16 and 8 years. Both of her brothers are fluent, proficient bilingual Cantonese-English speakers. Catherine was raised in an almost exclusively Cantonese-speaking environment until she was 2 years old. Although the primary language spoken outside the home is English, her parents decided to establish Cantonese as her first language. At 2 years of age Catherine started to attend a childcare center for approximately 18 hours per week. The language spoken in the childcare center was English. Prior to attending the center, Catherine's exposure to English had been minimal, and she was not using any English words apart from her name and residential address. Her parents considered her Cantonese development up until this age to be normal. When Catherine started childcare, the family began to include some English in the home language environment. In particular, Catherine's brothers began to use some English with her. Her parents claimed that the language mostly spoken at home remained Cantonese. Catherine watched approximately two hours of English-language television and videos (e.g., Play School, Lion King) each day.
Catherine's birth and medical history were without incident. Her hearing had been assessed and was within normal limits. Her developmental milestones were age-appropriate.
Max. Max was aged 2;9 years when he was first assessed for this study. He also lives in Australia and is the son of immigrants from Hong Kong who moved to Australia when Max was 18 months old. Max's parents are both native speakers of Cantonese and are fluent speakers of English as a second language. Prior to immigrating to Australia, Max's father was an engineer, and his mother worked in a bank, although neither parent was employed during the period of the study. Max has an older sister, aged 4, who is a bilingual Cantonese-English speaker. Max had been raised in an almost exclusively Cantonese-speaking environment until he was 2;6 years old. His parents decided to establish Cantonese as his first language. At 2;6 years of age, Max started to attend a childcare center for approximately 35 hours per week. The language spoken in the childcare center was English. Prior to attending the center, Max's exposure to English had been minimal, and his mother reported that he was not using any English words. His parents considered his Cantonese development up until this age to be normal. Max's home environment language remained strictly Cantonese even after he started attending childcare. Max watched approximately one hour of English-language television each day.
Max's birth and medical history were without incident. His hearing had been assessed and was within normal limits. His developmental milestones were ageappropriate.
Procedure
Data collection. Both children were assessed at approximately 4-week intervals, although there was one month when no data were collected. Catherine was assessed 10 times over an 11-month period between the age of 2;3 years and 3;1 years. She was not assessed in the month that she was 2;7 years. Max was assessed 8 times over a 9-month period between the age of 2;9 years and 3;5 years. He was not assessed in the month that he was 2;11 years. Data collection began when they had been attending the childcare centers (their first exposure to English) for three months.
Each assessment session lasted for approximately two hours. All of the assessments involved an adult interacting with the child. The first two assessment sessions involved two speech pathologists who were experienced in eliciting speech samples: one was a native Cantonese speaker, and the other was a native English speaker. The children's parents were also present at the assessment sessions. The Cantonese speech pathologist demonstrated the assessment procedures to the parents. For the remaining assessment sessions, the parents elicited the Cantonese speech samples. Data were collected when the child was interacting with a parent and with the speech pathologists.
The data included spontaneous speech samples collected while playing with toys and looking at picture books. Single word naming was also elicited using standardized speech assessments. The Cantonese Segmental Phonology Test (So, 1993) was used to elicit all the phonemes of Cantonese, and the Goldman Fristoe Test of Articulation (Goldman & Fristoe, 1986 ) was used to assess English phonemes. Three additional words were consistently assessed in English: quack, queen, and quiet. These words were included because /kw/ is the only legal cluster in Cantonese. Because of the children's shyness when speaking English and their limited vocabularies in the first few assessment sessions, some of the words on the Goldman Fristoe were often elicited only in imitation of the assessor.
Each assessment session was split into two distinct sections with a break in the middle; this was done to create two separate language environments. On a couple of occasions, the English and Cantonese data were collected on different days (but within 48 hours) because of time restrictions or lack of cooperation.
The transcription used for the analysis was based on the audio-recording taken during each session. The recorder used was a Marantz CP130 recorder and Sony lapel microphone. Transcription of the data was conducted as soon as possible to ensure accuracy. The samples were transcribed by experienced speech-language pathologists who were native speakers of the language. The reliability of the transcribers was validated as part of a larger study. Two independent judges, both native speakers of the language, were asked to transcribe the standardized tests. Ten English samples were transcribed with 89% agreement. Five Cantonese samples were transcribed with 92% agreement.
Data analysis. The Cantonese and English data were analyzed separately and then compared. The speech samples were analyzed to provide data on the children's phonetic inventories and phonological processes. A phone was consid-ered to be part of the phonetic inventory if there were two productions of the sound in nonimitated speech. Phonological processes were classified as either appropriate (occurring in the speech of normally developing monolingual children of the same age), delayed (occurring in the speech of normally developing monolingual children of a younger age), or atypical (used by less than 10% of the normally developing monolingual population).
Phonological processes were identified if there were at least five examples of the process in spontaneous speech. Vowel and tone accuracy were also monitored in the children's speech; however, these errors were infrequent and are not discussed in this article. The percentage consonants correct (PCC) (i.e., the number of correct consonants divided by the total number of consonants in the sample) was calculated. The PCC samples were the responses to the standardized assessments and provided quantitative information about the children's accuracy on a controlled word list.
The Peabody Picture Vocabulary Test-Revised (PPVT) and the Reynell Developmental Language Scales-Revised (RDLS) were also administered on two occasions to each child to monitor vocabulary and comprehension development in English.
RESULTS
Catherine
Catherine's language use and the error data suggest that there were three stages within the period when her speech was monitored.
Stage I (age 2;3 to 2;6). Catherine's initial response to her new language environment in the childcare center was silence. For the first eight months she did not talk to anybody in the center. She was cooperative and participated in activities willingly, she appeared to understand instructions, and she took turns in games, but she did not speak to either children or teachers. She did, however, begin to respond to the limited amount of English stimulation she was receiving at home, and she began trying out English words. During the assessment sessions, Catherine willingly participated in the Cantonese sections but required more persuasion to attempt speaking in English. The majority of the words elicited in the English assessment were imitations of the examiner.
Stage II (age 2;8 to 2;11). When she was 2;8 years Catherine first produced some spontaneous English within the childcare environment. In a game of "Who stole the cookie from the cookie jar?" she responded "Who me? Couldn't be!" appropriately and clearly when she was accused of the wicked deed. From that point on Catherine slowly became more willing to use English with the other children and adults at the center. This response to exposure to a second language has been observed in other successive bilingual children and is discussed in depth by Saville-Troike (1988) . A large proportion of the English speech data remained limited to imitated words, although Catherine's spontaneous utterances increased at each assessment session. Holm & Dodd: Cantonese-English phonological development Catherine's previous unwillingness to offer any spontaneous speech made the teachers and her parents concerned about her language development. The language assessments were first administered at age 2;8 years when she had been attending the center for eight months. Her age equivalent on the RDLS was 2;5 years, and her standard score on the PPVT was 91. These assessments indicated that Catherine's receptive vocabulary and comprehension were developing well. The language assessments were readministered when Catherine was 2;11 years. At that time her RDLS age equivalent had improved to 2;10 years, and her PPVT standard score was 98, indicating that her performance on these assessments was age-appropriate.
Stage III (age 3;0 to 3;1). The final two assessment sessions saw an increased willingness to interact in English, with occasional English words being offered in the Cantonese assessment session. Most of the English speech data was spontaneous. Catherine made few errors in Cantonese.
Phonetic inventory. Catherine had acquired nine of 17 Cantonese phones by 27 months. She was also able to imitate another five phones. She was not able to produce the phones /k h /, /s/, or /l/ at her first assessment. By 30 months Catherine had acquired an additional five phones and was able to use another two in imitated speech. The only phone she was not able to produce was /s/, which was consistently substituted by a lateral alveolar fricative. Tables 2 and 3 outline the order of Catherine's Cantonese phone acquisition, which was complete in spontaneous speech at age 37 months.
Catherine was imitating nine English phonemes by 27 months. Three months later she used nine phonemes spontaneously and imitated another seven. Tables 4 and 5 outline the order of Catherine's English phone acquisition, showing that at 37 months she spontaneously used 20 phones but failed to produce /θ/, /U/,/^/, or /r/ in any context over the period of the study.
Cantonese and English share 12 phonemes: plosives, /p h , t h , k h /; nasals, /m, n, n/; fricatives, /f, s, h/; glides, /w, j, l/. Comparison of the speech sounds Catherine used spontaneously indicated that, of these 12 sounds, 10 were used in Cantonese and six were used in English. Four phones had been acquired in Cantonese but not in English, one phoneme was absent in both, and one phoneme was evident in imitated speech in both. Shared phonemes were acquired in Cantonese prior to English -except for /k h /, which first appeared in English. Catherine acquired /1/ in English at 30 months and substituted it for /s/ in both Cantonese and English until 34 months when she acquired /s/. Stops and nasals were the first sounds to be acquired in both languages. Catherine had acquired /f/ in Cantonese by 28 months; however, she did not use it in her English spontaneous speech until 33 months.
Catherine acquired the voiced before the voiceless member of plosive pairs in English, and she acquired the unaspirated before the aspirated member of plosive pairs in Cantonese. Catherine's cluster development in Phonological processes. The phonological processes Catherine used between 27 and 37 months are outlined in Table 6 . The use of atypical processes in Cantonese coincided with her spontaneous use of English. Catherine only confused aspiration/deaspiration/voicing contrasts once she began to speak English at 32 months. The process of addition was mainly restricted to final consonants, although there were examples of initial consonant addition. When a consonant was added, it was always phonotactically acceptable (e.g., /tsi/ to [tsip] not [tsif] because /p/ is a legal final consonant but /f/ is not). Initial consonant deletion was evident from 32 to 35 months. Catherine deleted a range of initial consonants (/n, m, s, f, k, h/), whereas monolingual children only omit initial /n/ and /h/ in Cantonese. However, the presence of atypical processes was transient: only errors involving voicing were still evident at 37 months. Catherine used a number of phonological processes common to monolingual Cantonese-speaking children. Many of these processes were suppressed over the period of the study. Affrication and deaffrication processes only became evident following the gradual suppression of stopping. There was also evidence of continuant variation involving /j, w, l, n/. While variation between initial /l/ and /n/ is appropriate in certain lexical items in Cantonese, Catherine had extended the variation (e.g., /j/ to [n], or /w/ to [l] ). The majority of errors for these phonemes, however, involved variation between /j/-/w/ and /l/-/n/. Catherine's Table 4 . Phonetic acquisition of English: Catherine, aged 27-37 months Note: Dark shaded areas indicate that the phone was evident in spontaneous speech sample. Light shaded areas indicate that the phone was evident only in imitated speech sample; most speech data collected from age 27-29 was imitated speech. No measures were taken in the month Catherine was 31 months of age. 
ote: No measures were taken in the month Catherine was 31 months of age.
use of final consonant deletion was inconsistent. In the first assessment she occasionally omitted final sounds. She did not show any evidence of this process again until she was 30 months and then only for a few months before the process was finally suppressed.
The phonological processes Catherine used in English between 27 and 37 months are outlined in Table 7 . Two obvious atypical processes in Catherine's speech were backing and initial consonant deletion. Although Catherine had acquired the appropriate anterior phones, she commonly substituted a back phone. Initial consonant deletion was evident even though the initial phone was often present in Catherine's repertoire. Voicing errors were also evident in unusual contexts. Final consonant devoicing and intervocalic voicing are normal processes used by monolingual children. However, in addition to these processes, Catherine sometimes voiced final consonants and devoiced prevocalic sounds. The addition of sounds was evident in Catherine's English. She often added a sound to make an initial cluster instead of an initial single phoneme. She also added initial and final sounds that were always phonotactically appropriate. At 37 months the only atypical processes evident were backing and voic- Holm & Dodd: Cantonese-English phonological development Table 6 . Cantonese phonological processes: Catherine, aged 27-37 months Note: Shaded areas indicate that the process was evident in speech sample. No measures were taken in the month Catherine was 31 months of age. Catherine first started spontaneously speaking English at age 32 months. Affrication/deaffrication was only evident after suppression of stopping. a Process used in both languages and normal or atypical in both. b Process used in both languages but atypical for one language. c Process only used in one language.
ing, although Catherine's speech was characterized by a number of phonological processes common to monolingual English-speaking children.
Catherine had 13 processes that were evident in both her languages. However, not all of these shared processes were evident in both languages simultaneously. Five developmental processes were shared across both languages (refer to notes accompanying Tables 4 and 5), and three atypical processes were evident in both languages. In addition, five processes were used in both languages but were considered atypical for one of the languages. Three processes were only evident in one language. The developmental processes used in Cantonese de- Table 7 . English phonological processes: Catherine, aged 27-37 months Note: Shaded areas indicate that the process was evident in speech sample. No measures were taken in the month Catherine was 31 months of age. Voicing errors included normal processes evident in monolingual children and also unusual errors. De/affrication errors only became evident following the production of fricatives and affricates. a Process used in both languages and normal or atypical in both. b Process used in both languages but atypical for one language. c Process only used in one language.
creased over the period of the study as Catherine's speech became more accurate. However, the majority of the developmental processes evident in English were still in use at 37 months.
While the presence of atypical processes was evident in Catherine's Cantonese only after she began to speak English spontaneously, she used atypical processes in English as soon as she started using nonimitated speech. The presence of atypical processes in Catherine's English also persisted longer than in her Cantonese (e.g., backing initial consonants was suppressed at 35 months in Cantonese but was still evident at 37 months in English). Figure 1 shows the changes in Catherine's Cantonese and English speech accuracy, as measured by PCC over the period of the study. Catherine's Can- tonese was more accurate than her English. There was only a slight decline in the rate of speech accuracy improvement associated with the use of atypical processes in Cantonese. The quantitative PCC scores may not have been sensitive to qualitative changes in error types: the sample used to calculate PCC consisted of single named or imitated words, whereas phonological process use and phoneme acquisition included connected speech.
Max
Max's speech development did not fall into clear-cut stages like Catherine's. When he first started attending childcare, Max copied the speech of other children and interacted easily with them. During the assessment sessions he offered a lot of spontaneous speech. If he did not know a specific vocabulary item, he would often say "In Chinese it's. . . ." He would willingly imitate new words. Saville-Troike (1988) identified two types of successive bilingual language learning strategies. Max's approach represented one type: he was assertive with a "predominant focus on the message." In contrast, Catherine's strategy had a "predominant focus on the language code" (Saville-Troike, 1988, p. 568). At the first assessment session, when Max was 2;9 years, he was primarily using three-to five-word utterances after only three months in an English environment. Max did not like the teachers to correct him if he made errors in his speech or language.
Max seemed to develop good English language skills quickly. However, he often appeared to understand more than he actually did by following what the other children were doing. A lot of the language he used was repetitive or learned social language. Language assessments were administered at age 3;1 years when Max had been attending the childcare center for seven months. His age equivalent on the RDLS was 2;2 years, and his standard score on the PPVT was 68. The language assessments were readministered when Max was 3;5 years. His RDLS age equivalent had improved to 2;8 years, and his PPVT standard score was 74. Therefore, although Max's language skills were not equivalent to a monolingual child's skills at the end of the study period, his language was developing well.
Phonetic inventory. Max was using 10 of the 17 phones at age 33 months. By 37 months Max had acquired an additional four phonemes and was able to use another phoneme in imitated speech. Max had acquired 15 phonemes at the end of the study, and the remaining two were evident in imitated speech. Tables 8  and 9 provides the phoneme acquisition data for Max's Cantonese development. Max acquired plosives and nasals before fricatives and affricates and unaspirated before aspirated plosives.
The spontaneous speech elicited when Max was 33 months old included eight of the 24 English phonemes (/b, d, g, m, n, n, h, w/); in addition, /l/ was evident in imitated speech. By 38 months Max had acquired 12 phonemes and was using another five in imitated speech. During the final assessment, at 41 months, Max used 19 phonemes in spontaneous speech, another four were evident in imitated speech, and /^/ was not elicited in any context. Tables 10 and 11 show the order of Max's English phoneme acquisition.
Of the 12 phonemes shared by English and Cantonese, Max had acquired five by 33 months. He had also acquired /j/ in Cantonese but was only able to use this phone in imitated English words. The remaining shared phonemes were acquired over the period of the study. When a phoneme was evident in imitated speech, it was consistently evident in both languages simultaneously. All of the shared phonemes were evident in spontaneous Cantonese speech prior to English. However, each phoneme appeared in English within two months of its acquisition in Cantonese. Table 12 . A number of processes were used simultaneously and consistently. Over the nine months of the study, the use of many of the developmental processes was suppressed. Atypical phonological processes appeared when he was 34 months old. Max used five processes considered atypical for monolingual Cantonese-speaking children over the period of the study. Unlike the developmental processes that were applied systematically and quite consistently, the errors that indicated the use of atypical processes (e.g., deletion of initial consonants) were not systematic. However, the use of these processes was evident and affected Max's intelligibility. Unlike Final and initial consonant deletion were also inconsistent, although their use had a great effect on intelligibility. A range of consonants (although rarely plosives) was deleted. The addition of consonants was primarily of final consonants (changing CV to CVC structures). Most of the consonants added were plosives, and they always fell within Cantonese phonotactic constraints.
Max's use of phonological processes in English is shown in Table 13 . He initially used six developmental phonological processes quite consistently and systematically. However, their application became less consistent over the period of the study, with examples of only three developmental processes at 41 months. Two atypical phonological processes, voicing and not releasing final consonants, were evident during the initial assessment of Max's English speech. Max was not using voiceless plosives at all at 33 months. Syllable-final plosives in Cantonese are unreleased. Max also produced word-final English plosives without audible release, although these are typically released in Australian English. Max used four other unusual error patterns through the period of the study. Affrication only became evident when he had acquired affricate phonemes. Transposition of phonemes was seen in multisyllabic words. Nasalization of /l/ to [n] was common (e.g., [naIt] for /laIt/). Initial consonant deletion was evident, although never consistent. Max would often self-correct words Holm & Dodd: Cantonese-English phonological development Note: Shaded areas indicate that the process was evident in speech sample. No measures were taken in the month Max was 35 months of age. Gliding errors were restricted to /j, w/ variation. a Process used in both languages and normal or atypical in both. b Process used in both languages but atypical for one language. c Process only used in one language.
was consistently higher than his English accuracy. Max's Cantonese did not improve over the first few months of the study, perhaps because this was a time when he was beginning to use English more and when atypical errors became evident in his Cantonese speech.
DISCUSSION
Two Cantonese-English successive bilingual 2-year-old children were assessed on a monthly basis following the introduction of their second language. Their phonological process use, phoneme repertoires, and phonetic accuracy were monitored. The data presented provides evidence for an important theoretical issue: the children had separate phonological systems for each language. Their Holm & Dodd: Cantonese-English phonological development Table 13 . English phonological processes: Max, aged 33-41 months Note: Shaded areas indicate that the process was evident in speech sample. No measures were taken in the month Max was 35 months of age. a Process used in both languages and normal or atypical in both. b Process used in both languages but atypical for one language. c Process only used in one language. speech development indicated that (a) shared phonemes were often used in one language before the other; (b) different phonological error patterns were used for each language; (c) language-specific phonemes were not used in the wrong language; (d) the same phonemes were simplified differently in each language; and (e) errors always obeyed the phonotactic constraints of the appropriate language. There was also evidence indicating that the phonological development of successive bilingual children is qualitatively different from that of monolingual children.
Phonetic development
Catherine and Max's phonetic development was similar to that of monolingual children in each language. Phonetic acquisition data for monolingual children in each language (Cantonese: So & Dodd, 1995; English: Prather, Hedrick, & Kern, 1975) has indicated that the order of acquisition of each language is generally the same for the successive bilingual children. Shared phonemes are usually acquired in Cantonese first but could usually be elicited in imitated speech in both languages at the same time.
Catherine's phonetic development data is not clear because of her reluctance to offer any spontaneous English speech for the first few months of the study. It is also difficult to ascertain when phonemes have been acquired when consistent phonological processes are in use that simplify the sounds. For example, it is interesting that Catherine used /f/ in imitated Cantonese two months before she used it in imitated English. However, she was stopping most fricatives in English. Catherine's articulatory distortion of /s/ was identical in both languages. The phoneme was acquired simultaneously in each language, and the distortion was the same in each language. When Catherine's production became more accurate, at 33 months, the change was evident in both languages.
Max's phonetic development is quite clear across both languages. All of his shared phonemes were acquired in spontaneous Cantonese first. However, they were evident in his imitated English speech as soon as they were evident in his Cantonese. All shared phonemes were acquired in spontaneous English within two assessment sessions of their acquisition in Cantonese.
Catherine and Max both acquired English plosives in a pattern different from monolingual English-speaking children. Both of the successive bilingual children acquired voiced plosives before their voiceless counterparts. This pattern was consistent across all plosives for each child. Monolingual English-speaking children usually acquire voiceless plosives prior to voiced plosives (Prather et al., 1975) . In Cantonese both children acquired the unaspirated plosives before aspirated plosives, as do monolingual children (So & Dodd, 1995) . The only shared phoneme that Catherine acquired in English before Cantonese was /k h /. Both children acquired all of the other shared aspirated plosives in Cantonese before English. They acquired affricates earlier than monolingual English-speaking children, but their acquisition of fricatives was later.
The phonetic development of the successive bilingual children suggests that, because the acquisition of phonemes is due to articulatory maturation, the emergence of the sounds is approximately simultaneous in both languages. The articulatory development of both children and the suppression of phonological processes can be seen in their speech accuracy data for both languages. The quantitative data does not give a very good indication of the qualitative changes that were evident in the phonological processes or the atypical errors that were made in each language.
Phonological processes
The phonological processes used by the two children had different profiles. Most of Catherine's processes were shared by both languages, but Max had more language-specific processes. Both children's speech included the use of phonological processes that are atypical for monolingual speakers of each language. However, all of the atypical processes were evident in the speech of a group of successive bilingual Cantonese-English speaking children, indicating that, for this group, the use of these error patterns is normal (Dodd et al., 1996) .
Catherine's phonological process use followed a clear pattern. When she first started using English spontaneously, atypical processes became evident in her Cantonese. However, the atypical processes were inconsistent, had only a small impact on overall intelligibility, and were transient. Unlike the results for the cross-sectional study of Cantonese-English successive bilingual children, nearly all of Catherine's atypical processes were evident in both her languages. Atypical aspiration and continuant variation of /j, w, l, n/ were evident in her Cantonese but not in her English. The majority of the successive bilingual children in the group study shared some atypical processes, but usually the processes were language-specific.
Although Catherine often used the same processes in both languages, there was also clear evidence that she had discrete phonological systems. She did not necessarily simplify shared phonemes in identical ways. Consider, for example, cluster reduction, which was evident in both languages throughout the study: Max's phonological processes were more language-specific than Catherine's. His speech was less accurate than hers. While Catherine's speech was simplified by a wide range of processes, all evident simultaneously but not consistently, Max's speech was dominated by consistent developmental processes. However, his use of atypical processes was not consistent, and their presence was less transient than in Catherine's speech. Initially, there was minimal evidence of atypical errors in Max's speech. However, in each assessment session over the duration of the study, there were examples of atypical errors.
There was also clear evidence for two distinct phonological systems in Max's speech data. Unlike Catherine, who demonstrated a large number of shared phonological processes across both languages, Max presented a large number of processes that were specific to only one language. For example, although Max fronted some velars and nasals in Cantonese from 33 to 38 months there was no evidence of this process in English. The difference in his realization of /kw/ clusters (the only shared cluster) was also distinct, although different from the pattern Catherine used. Max's errors were always within the phonotactic constraints of each language. For example, there was no evidence of Cantonesespecific phonemes (e.g., /ts/) being used in English.
Types of atypical processes. Some of the processes that Catherine and Max used were only atypical for one of the languages. For instance, final consonant backing is not considered atypical in Cantonese, but it is in English. Max consistently backed final consonants in both Cantonese and English. However, Catherine occasionally backed initial consonants in both languages. Final consonant deletion is atypical in Cantonese, yet it is a normal developmental process in English. Catherine and Max both deleted final consonants in Cantonese, even though they have a very high functional load. With regard to affrication, Cantonese monolingual children often affricate fricatives (e.g., /s/ ⇒ [ts]). Catherine and Max both affricated some sounds in English as well as in Cantonese.
Other atypical processes that were evident could be the result of overgeneralizing certain language-specific rules. With regard to initial consonant deletion, Cantonese initial /n/ and /h/ can sometimes be deleted. However, the successive bilingual children deleted a range of initial consonants in both languages. Concerning the continuant variation of /j, w, l, n/, variation of [l] for /n/ in Cantonese is acceptable, but variations of [n] for /l/ is uncommon. However, Catherine freely used /j, w, l, n/ as variants in Cantonese. Max used /l/ and /n/ as allophonic variants in English and Cantonese. The addition of an initial consonant is sometimes acceptable in Cantonese, although it is restricted to either a glottal stop or the same phoneme as the final consonant of the preceding word. The successive bilingual children added a range of both initial and final consonants and occasionally made clusters out of singletons. The added sounds were always phonotactically appropriate.
With regard to voicing, deaspiration, and aspiration, Cantonese has an aspiration contrast for plosives, whereas English has a voicing contrast. Both children made the error of voicing voiceless sounds in Cantonese and English, aspiring unaspirated sounds in Cantonese and deaspirating aspirated sounds in English. These errors suggest that the children were not appropriately contrasting this class of sounds. Final plosives in Cantonese are unreleased, whereas in English they are usually released. Max often failed to release final consonants in English.
Max also made two types of errors that cannot be seen as simple overgeneralizations of specific rules. Transposition of sounds was evident in Max's English speech. These errors were primarily on multisyllabic words (e.g., helicopter ⇒ [tεlipokE]; caterpillar ⇒ [paetElIlE]). He was not making transposition errors in Cantonese, which is primarily a monosyllabic language. The other unusual error that Max made in his English speech was nasalization. Although Cantonese has a variant whereby [l] can be used for /l/ or /n/, a substitution of [n] for /l/ is unusual. Max did not substitute [n] for /l/ in Cantonese, but he did use [n] for /l/ in English.
Model of bilingual speech production
The primary question this developmental data raises is, why do the successive bilingual children acquire the phonology of each of their languages in ways that are different from monolingual children acquiring each language in isolation? The types of speech errors and patterns of use (i.e., atypical errors evident in Cantonese only following the acquisition of English) suggest that the phonological systems of the two languages were interacting. The successive bilingual children's acquisition of each language's phonology was qualitatively different from the phonological acquisition for monolingual children of either language. The lack of atypical errors in the initial assessments of the children's Cantonese showed that they were developing normal phonological skills for a monolingual child. However, the introduction of atypical errors in addition to the normal developmental process indicates that, as the children were exposed to a second phonological system, there was an effect on their first phonological system.
Most of the atypical errors can be plausibly explained as overgeneralizations of language-specific rules (e.g., in Cantonese, initial consonant deletion is acceptable for /n/, and /l/ and /n/ act as allophones; in English, aspiration is not contrastive). It is possible that the emergence of atypical errors -although they are only atypical for monolingual children -results from underspecified phonological rules. Duggirala and Dodd (1991) proposed a model of the speech processing chain, one of the key components of which involves realization rules. When children generate speech, they select a word that expresses their ideas from their lexicon, and then the lexical phonological specification is fed through the existing set of realization rules that forms a phonological plan for production (Dodd, 1995) . Realization rules are thought to be derived from information in the lexicon, reflecting an implicit understanding of the nature of the phonological structure of the ambient language (Dodd, Leahy, & Hambly, 1989; Leonard, 1985; Macken & Ferguson, 1983) . Leonard (1985) suggested that children with a phonological disorder may have difficulties abstracting knowledge about the nature of the phonological system to be acquired. Unusual errors are thought to occur when children select the wrong parameters of the perceived speech signal as salient to their native phonology (Grundy, 1989) . The successive bilingual children in the current study were not phonologically disordered (they had been acquiring their first phonological system appropriately), yet they made errors that are considered atypical for monolingual children.
It is possible that the cause of the atypical errors was an inability to process both phonological systems in enough detail to select the appropriate languagespecific realization rules. The generally transient and inconsistent nature of the atypical errors suggests that, as each child was exposed to more English, he or she learned to differentiate the realization rules for each phonological system. For example, it may be that Max hypothesized that final consonants are unreleased because that is the case in Cantonese. His limited exposure to English had not yet allowed him to identify a salient characteristic of the phonologythat final consonants are usually released. He simply used the realization rules governing the release of final consonants that he had extracted from exposure to Cantonese phonology. The children's use of atypical processes in Cantonese is particularly interesting considering how well-established the phonological systems were prior to exposure to English. If the hypothesis posited is true, then it is possible that there is also some negative interference following exposure to another phonological system. The overgeneralization of phonological rules appears to have occurred both across languages and within each language (e.g., although syllable-initial /n/ and /h/ can be deleted from Cantonese words, both children began to delete a range of initial consonants). Perhaps the burden of differentiating each system and abstracting two sets of explicit rules means that for a short period the established rules of the first phonological system are rethought. Both children had clearly established two systems and were marking differences between them. However, occasionally the precise, specific detail of the realization rules was inaccurate or absent, resulting in unusual speech errors.
The data presented in this article suggest that neither of Watson's (1991) suggestions regarding the process of successive bilingual phonological acquisition (either superimposing one system on the other or using an initial averaged system) is totally accurate. Catherine and Max did not simply use their Cantonese phonological system when they spoke English (superimposing), nor did they mix the two phonological systems together (averaging). They kept the two phonological systems appropriately differentiated. However, the process of acquiring two phonological systems did have an effect: both children underwent a developmental period characterized by underspecified phonological realization rules. This suggests that the children's efficiency of extracting and using the rules of each phonology was initially affected.
